Background
==========

Stroke is the second leading cause of death and is the most important cause of disability in the world \[[@b1-medscimonit-23-4376]\]. As a major public health concern worldwide, it seriously harms human health \[[@b2-medscimonit-23-4376]\] and imposes a heavy economic burden on society. The latest available estimates from China indicate that the total hospitalization expense of the 3 major cardiovascular diseases (ischemic stroke, myocardial infarction, and intracranial hemorrhage) is up to 46 billion yuan, and among them, the cost of ischemic stroke is more than 27 billion yuan \[[@b3-medscimonit-23-4376],[@b4-medscimonit-23-4376]\]. Recently, a study \[[@b5-medscimonit-23-4376]\] based on 480 000 people in China showed that the burden of stroke has gradually increased over the past 30 years, presenting an increasing trend from south to north, especially in rural areas. Compared to other similar surveys, China has the highest incidence and mortality rate of stroke in the world. Within China, compared with other regions, the northeast region has the highest stroke incidence (365.2/10 million) and the highest stroke mortality (158.5/10 million). Thus, stroke has become a serious problem that cannot be ignored in China, especially in the northeast region.

Thrombin-activatable fibrinolysis inhibitor (TAFI), composed of 423 amino acids, is an inactive precursor circulating in plasma and is activated by thrombin, plasmin, and thrombomodulin \[[@b6-medscimonit-23-4376]\]. Activated TAFI effectively inhibits fibrinolysis by removing carboxyterminal lysine residues from partially degraded fibrin \[[@b7-medscimonit-23-4376]\]. Because of its anti-fibrinolytic function, TAFI is believed to be involved in arterial thrombosis. Epidemiological studies have further shown that higher levels of TAFI are associated with an increased risk of several cardiovascular events, such as ischemic stroke (IS) \[[@b8-medscimonit-23-4376]--[@b10-medscimonit-23-4376]\], myocardial infarction (MI) \[[@b11-medscimonit-23-4376]\], angina pectoris (AP) \[[@b12-medscimonit-23-4376]\], acute coronary syndrome (ACS) \[[@b13-medscimonit-23-4376]\], and coronary heart disease (CHD) \[[@b10-medscimonit-23-4376]\]. Therefore, a discussion of changes in plasma level of TAFI will help identify stroke risk factors and the pathological process involved \[[@b14-medscimonit-23-4376]\]. In addition, TAFI is expected to be a new biomarker and to be applied to clinical practice.

Despite numerous epidemiological studies of stroke in Western countries \[[@b15-medscimonit-23-4376],[@b16-medscimonit-23-4376]\], little information is available from population-based studies in developing countries such as China. Because TAFI antigen varies widely among different populations \[[@b17-medscimonit-23-4376],[@b18-medscimonit-23-4376]\], we performed the present case-control study to explore the relationship between TAFI levels and stroke in a Chinese population.

Material and Methods
====================

Participants
------------

Our population-based case-control study included 217 stroke patients and 218 controls. All subjects were recruited from rural areas of Liaoning Province, which is located in northeast China. Cases were chosen by a convenience non-random sampling procedure. Inclusion criteria were: stroke patients examined by a neurologist, diagnosed by CT or magnetic resonance imaging, and certified by the hospital. Exclusion criteria were: patients with other types of cerebrovascular diseases (e.g., brain tumor, cerebrovascular malformation, and transient ischemic attack), hematologic disorders, and those taking anticoagulants. Controls were matched by age and sex with the case group and they were all "healthy" people who did not have a history of cerebrovascular diseases or neurological disorders. Controls with history of bleeding and those who had been taking anticoagulants were also excluded. Ethics approval was obtained from the China Medical University Ethics Committee. Informed consent was obtained from each participant and data analysis was conducted on the condition of anonymity.

Measurement of TAFI
-------------------

The plasma TAFI level was measured by immune turbidimetry using kits provided by Liaoning Maidi Biological Technology Co. Ltd. The measurement principle is as follows: TAFI in plasma is specifically bound to the TAFI antibodies labeled on colloidal gold, and then colloidal gold is aggregated into an immune complex. The turbidity of the solution can be measured by a biochemical analyzer, and the turbidity is directly proportional to the content of the complex. Thus, the concentration of TAFI in plasma can be determined by establishing a standard curve of the standard sample.

Statistical methods
-------------------

We used Kolmogorov-Smirnov test and Q-Q plots to check the normal distribution of variables. The median, upper, and lower quartiles, as well as frequency and percentage, were used to describe the variables. The baseline condition and plasma TAFI levels between the case group and the control group were compared by using the Mann-Whitney U test and chi-square test. Univariate and multivariate logistic regression were used to analyze the association between the different TAFI levels and stroke and its different subtypes. Restricted cubic spline (RCS) combined with logistic regression was used to explore the dose-response relationship between TAFI levels and stroke \[[@b19-medscimonit-23-4376]\]. All data were analyzed using SPSS 19.0 and SAS 9.3.2, and the significance level was *p*\<0.05 (2-sided).

Results
=======

Our study included 217 cases and 218 controls. The case group consisted of 180 patients with ischemic stroke and 37 patients with hemorrhagic stroke. Among the 271 males in the study, 143 were in the case group and 128 were in the control group. The average age of all subjects was 62 years, range 30--82 years. The case group and control group were well-matched by age and sex.

BMI, total cholesterin (TC), triglyceride (TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), blood glucose (Glu), serum sodium (Na^+^), serum potassium (K^+^), hypertension history, family history of hypertension, family history of stroke, family history of coronary heart disease, smoking, drinking, and high-salt diet were compared between the 2 groups. The results showed statistically significant (*p*\<0.05) differences between groups for BMI, triglyceride (TG), high-density lipoprotein (HDL), blood glucose (Glu), serum sodium (Na^+^), family history of hypertension, smoking, and high-salt diet ([Table 1](#t1-medscimonit-23-4376){ref-type="table"}).

By analysis, the median TAFI level of cases was 31.28 μg/ml, the upper quartile was 35.18 μg/ml, and the lower quartile was 27.23 μg/ml; while the median and upper and lower quartiles of TAFI levels in controls were 29.26 μg/ml, 34.97 μg/ml, and 25.32 μg/ml, respectively. The plasma TAFI level of cases was higher than in the control group (*p*=0.038). The level of TAFI in patients with ischemic stroke was also significantly higher than that in the control group (*p*=0.036), but the difference between hemorrhagic stroke patients and controls showed no significance (*p*=0.424).

When stratified by age and sex, the data showed that TAFI level of cases was significantly higher than in the control group (*p*=0.016 for age over 60, *p*=0.022 for females). In the elderly (aged over 60 years) and in females, plasma TAFI levels in ischemic stroke patients were also higher than in controls, whereas there were no differences in hemorrhagic stroke ([Table 2](#t2-medscimonit-23-4376){ref-type="table"}).

Considering the results of univariate logistic regression (p\<0.10 as the significance level) and the practical significance, we adjusted the elderly (age over 60 years), male, overweight (BMI \>24), hyperglycemia (≥6.1mmol/L), high HDL (\>1.2mmol/L), family history of hypertension, family history of stroke, high-salt diet (\>180g/month), and TAFI as possible influencing factors. The TAFI was divided into 4 quartiles. Compared with the first quartile (\<25.32 μg/ml), the adjusted OR of the third quartile (29.26\~34.97 μg/ml) was 2.22, which means the risk of stroke was 2.22 times higher in the third quartile than in the first quartile. After adjusting for some possible influencing factors (age, male, overweight, family history of hypertension, hyperglycemia, high HDL, hypertriglyceridemia, and TAFI), the risk of ischemic stroke increased by 134% in the third quartile. However, the risk of hemorrhagic stroke was not statistically significant even after adjustment ([Table 3](#t3-medscimonit-23-4376){ref-type="table"}).

Since the TAFI antigen level has a large variability in different populations \[[@b17-medscimonit-23-4376],[@b18-medscimonit-23-4376]\], we used the median of the control group (29.26 μg/ml) as the reference concentration. We selected 5 knots (p5, p25, p50, p75, and p95) \[[@b19-medscimonit-23-4376]\] of TAFI levels to explore the dose-response relationship between TAFI levels and stroke or ischemic stroke after adjustment. Because the number of patients with hemorrhagic stroke was too low and we found no association between TAFI and hemorrhagic stroke, hemorrhagic stroke was not analyzed in this section. Testing showed the association between TAFI levels and stroke was nonlinear (p=0.0065). The dose-response curve ([Figure 1](#f1-medscimonit-23-4376){ref-type="fig"}) showed that, as a whole, with the increase of TAFI levels, the risk of stroke first increased and then decreased (p=0.0127). Similarly, in general, with the increase of TAFI levels, the curve ([Figure 2](#f2-medscimonit-23-4376){ref-type="fig"}) showed that the risk of ischemic stroke first increases and then decreases (p=0.0110).

Discussion
==========

To the best of our knowledge, this is the first dose-response study of TAFI level and stroke in a Chinese population. The method of TAFI detection commonly used before was enzyme-linked immunosorbent assay (ELISA), but the complicated process limits clinical application to some extent. Different manufacturers use different antibodies and sites for detection, which makes it impossible to do a unified and accurate evaluation of the clinical significance of TAFI. In contrast, the TAFI kit for the test of TAFI antigen level used in our study, based on the immune turbidimetry, is simple and reliable. A previous study \[[@b20-medscimonit-23-4376]\] has demonstrated that this method is feasible in clinical practice. Because detection methods were different and the TAFI antigen level has a large variability in different populations \[[@b17-medscimonit-23-4376],[@b18-medscimonit-23-4376]\], quantitative results from different studies cannot be compared directly. However, our finding that TAFI level of stroke patients was higher than in the control group is similar to results reported by Leebeek et al. \[[@b8-medscimonit-23-4376],[@b21-medscimonit-23-4376]\]; and our results regarding ischemic stroke are also consistent with results reported by Santamaría et al. \[[@b8-medscimonit-23-4376],[@b14-medscimonit-23-4376],[@b22-medscimonit-23-4376],[@b23-medscimonit-23-4376]\]. After adjusting for some possible related factors, we found that a higher TAFI level (29.26\~34.97μg/ml) can increase the risk of stroke by 122% and can increase the risk of ischemic stroke by 134%. The dose-response curve further shows that, as a whole, the risk of stroke first increases and then decreases with the increase in TAFI levels, and this tendency was also demonstrated in ischemic stroke. The mechanism involved is probably as follows: TAFI is mainly activated by thrombin, and the procoagulant activity of thrombin has been demonstrated. The coagulation system leads to the generation of thrombin and turns fibrinogen into fibrin, and then a fibrin clot forms at the vascular injury site, preventing blood loss from damaged vessels. If the coagulation system was over-activated and/or fibrinolysis function is reduced, the coagulation and fibrinolysis systems become imbalanced, which may lead to fibrin deposition and then thrombosis. The function of TAFI is not only limited to the regulation of thrombin, but also plays a widespread role in the regulation of fibrinolysis. Activated TAFI can effectively inhibit fibrinolysis by removing C-terminal lysine residues from the partially degraded fibrin. Therefore, it is speculated that the formation of thrombin and the activation of TAFI can lead to imbalance of the coagulation system and fibrinolysis system, which can lead to thrombotic diseases, especially ischemic stroke. In addition, a study has revealed that the activation and secretion of TAFI are dependent on the generation of thrombin in a dose-dependent manner \[[@b24-medscimonit-23-4376]\]. In view of this opinion, in the coagulation process, increased thrombin generation is associated with increased TAFI secretion and activation, which can regulate the production of thrombin and reduce coagulation in a feedback loop. However, it is still impossible to distinguish whether the decrease in plasma TAFI concentration is due to reduced production, increased consumption, or some other reasons. Therefore, the trend of the dose-response curve may be explained, but the definite mechanism needs to be confirmed by more studies.

At present, the common examination for stroke diagnosis is CT or MRI, but CT is usually not sensitive in the early stage, while MRI is expensive and requires much time. Since the detection of TAFI is simple, rapid, convenient, and low-cost, it is expected to become a biological marker and to assist in clinical diagnosis. However, there were no relevant published articles and the recommendations still need some well-designed and large-scale prospective studies.

Our study has certain limitations. First, the case-control design is a limit to determination of causation and prospective studies are needed. Second, since stroke is a complex heterogeneous disease, more details about subtypes are required. Third, our study included 435 patients but only 37 patients had hemorrhagic stroke; the sample size was thus a bit limited and the analysis in this part could not be performed effectively. Finally, due to limitations of the condition of detection, we did not test the TAFI activity. Therefore, the reliability of the conclusion needs to be further confirmed by high-quality studies.

Conclusions
===========

There was a definite correlation between TAFI level and stroke in this Chinese population, and with the increase of TAFI levels, the relative risk of stroke or ischemic stroke first increased and then decreased.
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###### 

General characteristics of the participants based on case and control groups.

  Factors          All (n=435)               Cases (n=217)             Controls (n=218)          P
  ---------------- ------------------------- ------------------------- ------------------------- -----------------------------------------------------------
  Age (years)      62.00 (56.00--68.00)      63.00 (55.00--69.00)      60.00 (57.00--67.00)      0.391
  Male             271 (62.30%)              143 (65.90%)              128 (58.72%)              0.122
  BMI (kg/m^2^)    23.53 (21.10--26.15)      24.69 (22.66--27.44)      22.18 (20.04--24.77)      0.000[\*](#tfn2-medscimonit-23-4376){ref-type="table-fn"}
  TC (mmol/L)      5.16 (4.57--5.85)         5.27 (4.60--5.98)         5.06 (4.52--5.75)         0.114
  TG (mmol/L)      1.25 (0.88--1.89)         1.36 (0.92--2.09)         1.17 (0.81--1.77)         0.033[\*](#tfn2-medscimonit-23-4376){ref-type="table-fn"}
  HDL (mmol/L)     1.54 (1.23--1.79)         1.37 (1.16--1.75)         1.62 (1.34--1.85)         0.000[\*](#tfn2-medscimonit-23-4376){ref-type="table-fn"}
  LDL (mmol/L)     2.92 (2.38--3.55)         2.90 (2.36--3.53)         2.93 (2.43--3.55)         0.630
  Glu (mmol/L)     5.20 (4.60--6.00)         5.50 (5.00--6.70)         4.90 (4.40--5.60)         0.000[\*](#tfn2-medscimonit-23-4376){ref-type="table-fn"}
  Na+ (mmol/L)     142.80 (140.00--145.00)   141.90 (139.70--143.70)   143.80 (141.05--145.90)   0.000[\*](#tfn2-medscimonit-23-4376){ref-type="table-fn"}
  K+ (mmol/L)      4.18 (3.87--4.41)         4.17 (3.85--4.44)         4.19 (3.92--4.39)         0.489
  HP history       346 (79.54%)              168 (77.42%)              178 (81.65%)              0.274
  Family HP        165 (37.93%)              103 (47.47%)              62 (28.44%)               0.000[\*](#tfn2-medscimonit-23-4376){ref-type="table-fn"}
  Family stroke    96 (22.07%)               56 (25.81%)               40 (18.35%)               0.085
  Family CHD       47 (10.80%)               19 (8.76%)                28 (12.84%)               0.131
  Smoking          207 (47.59%)              87 (40.09%)               120 (55.05%)              0.002[\*](#tfn2-medscimonit-23-4376){ref-type="table-fn"}
  Drinking         141 (32.41%)              68 (31.34%)               73 (33.49%)               0.632
  High-salt diet   326 (74.94%)              172 (79.26%)              154 (70.64%)              0.038[\*](#tfn2-medscimonit-23-4376){ref-type="table-fn"}

BMI -- body mass index; TC -- total cholesterin; TG -- triglyceride; HDL -- high density lipoprotein; LDL -- low density lipoprotein; Glu -- blood glucose; HP history -- hypertension history; Family HP -- family history of hypertension; Family stroke -- family history of stroke; Family CHD -- family history of coronary heart disease.

p\<0.05.

###### 

Stratified analysis according to age and gender.

  Subgroup   Stroke                 Ischemic stroke   Hemorrhagic stroke     Control group                                  
  ---------- ---------------------- ----------------- ---------------------- --------------- ---------------------- ------- ----------------------
  Age                                                                                                                       
   ≤60       31.16 (27.10--34.92)   0.570             31.22 (27.14--34.88)   0.529           30.63 (27.10--35.96)   0.886   30.55 (26.06--35.18)
   \>60      31.48 (27.33--35.25)   0.016             31.73 (26.89--35.39)   0.018           29.08 (28.19--32.97)   0.321   28.00 (24.96--34.62)
  Gender                                                                                                                    
   Male      30.48 (26.72--35.02)   0.355             30.74 (26.70--35.02)   0.394           30.05 (27.35--34.77)   0.551   29.69 (25.03--34.89)
   Female    32.32 (28.43--36.29)   0.022             32.50 (28.48--36.81)   0.017           31.36 (27.36--33.06)   0.586   28.78 (25.57--35.03)

P value came from the compare between each case group (stroke/ischemic stroke/hemorrhagic stroke) and the control group.

###### 

Multivariate logistic regression for stroke and different subtypes of stroke.

  Variate               Stroke   Ischemic stroke     Hemorrhagic stroke                               
  --------------------- -------- ------------------- -------------------- ------------------- ------- --------------------
  TAFI                                                                                                
  The first quartile    --       --                  --                   --                  --      --
  The second quartile   0.110    1.79 (0.88--3.64)   0.333                1.44 (0.69--2.99)   0.351   1.90 (0.49--7.31)
  The third quartile    0.024    2.22 (1.11--4.44)   0.018                2.34 (1.16--4.74)   0.209   2.37 (0.62--9.12)
  The fourth quartile   0.304    1.45 (0.71--2.96)   0.290                1.49 (0.71--3.09)   0.993   1.01 (0.24--4.25)
  Older                 0.000    2.69 (1.65--4.40)   0.000                2.92 (1.75--4.88)   0.590   0.77 (0.30--2.01)
  Male                  0.059    1.62 (0.98--2.68)   0.066                1.63 (0.97--2.73)   0.615   0.74 (0.23--2.37)
  Overweight            0.000    2.46 (1.51--4.02)   0.001                2.35 (1.41--3.93)   0.003   4.16 (1.63--10.63)
  Hyperglycemia         0.065    1.68 (0.97--2.92)   0.089                1.67 (0.93--3.01)   0.013   3.22 (1.28--8.12)
  Family HP             0.018    1.86 (1.11--3.11)   0.014                1.89 (1.14--3.13)   0.467   1.38 (0.58--3.32)
  High HDL              0.074    0.59 (0.33--1.05)   0.020                0.49 (0.27--0.89)   --      --
  High-salt diet        0.115    1.56 (0.90--2.70)   --                   --                  0.267   1.88 (0.62--5.72)
  Family stroke         0.975    1.01 (0.55--1.85)   --                   --                  --      --
  HTG                   --       --                  0.325                0.75 (0.42--1.33)   --      --
  Hypokalemia           --       --                  --                   --                  0.563   1.72 (0.28--10.68)
  Drinking              --       --                  --                   --                  0.126   2.38 (0.78--7.23)

Overweight: BMI \>24; Hyperglycemia: blood glucose ≥6.1 mmol/L; High HDL: HDL \>1.2mmol/L; High-salt diet: salt \>180 g/month; HTG: hypertriglyceridemia, TG ≥1.7 mmol/L; hypokalemia: K+ \<3.5 mmol/L.
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